INTRODUCTION
In China, the economic development and railway network construction evidently go hand in hand, and the urban growth and regional integration depend heavily on the quality of the railway network. To support the objectives and policies for a balanced and sustainable development of the country, the "Medium and Long-term Railway Network Planning (adjusted in 2008)" (MLRNP2008) [1] was promulgated by the State Council of the People's Republic of China. According to MLRNP2008, the total length of China's railway network in operation is foreseen to reach 120,000 km by the end of 2020, including the highspeed rail lines of 16,000 km (operating speed over 200 km/h), new normal speed lines of 41,000 km (operating speed less than 200 km/h) and upgraded lines of 44,000 km (operating speed less than 200 km/h). At that time, the entire railway network will cover all the cities with a population of over 200,000, and the high-speed rail network will cover all the cities with a population of over 500,000.
A major problem arising in the railway network planning is to distinguish the role of railway lines. The role of the railway line is a critical factor to determine the technical standards and equipment types; thus it has significant impacts on determining the investments and benefits of the future railway construction projects. However, it is difficult to classify the role of railway lines in a complex railway network, especially in large scale regions. The 'role' of a railway line is a comprehensive concept, which is usually distinguished by qualitatively described factors, such as 'the skeleton role' or 'the liaison and supplement role'. To measure the concept of role, accessibility is widely used in transport planning, urban planning and geography studies [2] . Gutiérrez et al. [3] chose the weighted average distance as the accessibility indicator and studied the impacts of the future European high-speed train network on the changes of accessibility in Europe. Gutiérrez [4] selected three indicators (weighted average travel times, economic potential and daily accessibility) to analyze the accessibility impact of the future Madrid-Barcelona-French border high-speed line.
Taylor et al. [5] considered generalized travel cost, the Hansen integral accessibility index, and the ARIA index as accessibility indicators to evaluate the vulnerability in Australia's road networks. Wang et al. [6] analyzed the expansion of China's railway network with an accessibility approach, and evaluated the railway network impacts on the economic growth and urban systems. In these previous studies, different accessibility indicators have been used to evaluate the impacts of transportation infrastructures on the social and economic development. None of them, however, made a classification of infrastructures in the transport network based on the accessibility effects.
To the authors' knowledge, there are few quantitative models to determine the classification of the role of railway lines in a complex network. In this paper, based on the accessibility indicator measured by the average distance, the line accessibility classification model is proposed, with the aim of distinguishing the role of railway line in a network and classifying the lines into different grades. The remainder of the paper is organized as follows: Section 2 provides a brief overview of accessibility definitions and measures; Section 3 presents the line accessibility classification model; in Section 4 the model is applied to a case study in Northeast China railway network; Section 5 summarizes the main findings and the applicability of this model.
ACCESSIBILITY DEFINITIONS AND MEASURES
In numerous research studies, accessibility is defined and measured in a variety of ways, including 'the potential of opportunities for interaction' [7, 8] , 'the ease with which activities may be reached from a given location using a particular transportation system' [9, 10] , 'an aspect of the freedom of action of individuals' [11, 12] , etc. Accessibility is closely related to mobility, economic development, social welfare and environmental impacts, so it can be considered as a proxy of a set of related, e.g., economic, social and environmental effects of transport infrastructure [13] . In this study, the definition of 'the potential of opportunities for interaction' is suitable, which means increasing accessibility can promote the opportunities for interaction between cities. Based on this definition, the accessibility measure we chose should reflect the degree of the interaction between cities.
Ingram [14] introduced the integral accessibility defined as the degree of interconnection between a point and all other points within the region, which was measured on the basis of average distance to focus on the effect of accessibility. Since the aim of this study is to identify the role of the railway line in the network, which, in our opinion, should be an inherent characteristic of the line, the focus of the study is purely on the railway lines. Therefore, the average distance-based measure of integral accessibility defined by Ingram [14] is appropriate.
The principal characteristic of this measure is that it is measured on physical infrastructure, assuming that the opportunities are the same everywhere, but it still has a behavioural interpretation, and its scale of application has always been finer than the measure based on opportunity [15] . However, compared with travel time or cost, the distance-based indicator has the limitation for analysing the economic benefit and utility impact of the railway network on the region, but it has been proven that the distance-based indicator is much more realistic than other indicators for accessibility [16] . Furthermore, the proposed measure is simple and easy to interpret for planners and policy makers, and it is easy to access the necessary data.
LINE ACCESSIBILITY CLASSIFICATION MODEL

Definition of accessibility indicators
To build the line accessibility classification model, three accessibility indicators are defined as follows: 1) City accessibility indicator CAi is defined as the degree of interaction between a certain city and all other cities within the region. The operational form is the average value of the shortest travel distances between city i and all other cities in the network G:
where N is the total number of cities in the network G; Dij is the shortest travel distance between city i and city j, calculated by actual railway length, which is a constant value after the completion of the railway line, so it is much more reliable to represent the role of the line by using the length as the parameter. This indicator presents the average travel distance between city i and a random city within the network. The lower the value of CAi , the higher the accessibility level of city i. 2) Region accessibility indicator RAG is defined as the degree of interaction between the cities within the region. In the same manner, the operational form of RAG is the average of CAi in the network G:
This indicator gives an estimate of the average travel distance between two cities that are randomly selected among N cities. The lower the value of RAG, the higher the accessibility level of the region.
3) It is evident that a line plays a great role in the network if the loss of the line significantly diminishes the accessibility of the network. Based on that notion, the line accessibility indicator LAk can be derived by measuring the percentage change of RAG when cutting off the given line k:
where RAG k -is the region accessibility indicator for network G without line k; RAG is the region accessibility indicator for the initial network G. This indicator is defined as the degree of the impact of a given line on the interaction within the region. The higher the value of LAk , the higher grade should be assigned to the line. So the line accessibility classification model we proposed next is mainly based on the line accessibility indicator LAk .
Line accessibility classification model
In this study the regional railway network is regarded as a closed system and presented as an undirected weighted network based on graph theory, which is a branch of mathematics that has been applied to the analysis of network structure since 1930s [17] .
In order to formulate the model, let us consider the following notation.
i, j -indices of points; ek -index of undirected lines between point i and point j,
, , m is the number of lines in the network; We k -index of weights of line ek , which equals its length in this model; G -index of the railway network, , ,
, , where n is the number of points in network G; E -set of undirected lines (railway lines), E ek = " ,; W -set of weights of the lines, W We k = " ,; , P i ĵ h -index of the shortest path from point i to point j; P -set of the shortest paths, ,
,; N ek h -index of the frequency of ek in set P; E0 -set of lines with N e 0 k = h (redundant lines which are not in set P); Ex -set of hanging lines (which are the only links to some points) in network G; Ec -set of lines excluding E0 and Ex in network
With the notation above, the model can be set up in the following steps.
Step 1: For a given network , , G V E W =^h, the city accessibility indicator CAi can be calculated according to Eq. (1). Based on all the city accessibility indicators , ,
h , the region accessibility indicator RAG can be determined according to Eq. (2). During the above procedure, the shortest path , P i ĵ h from any point i to j and the frequency N ek h of ek in the set of the shortest paths P can be selected. When N e 0 k ! h , ek has contributions to the region accessibility indicator RAG. When 0 N ek = h , the region accessibility indicator RAG does not change with or without ek , which means that these lines are redundant in the network due to their high impedance. So let E0 denote the set of lines with N e 0 k = h , and the lines in E0 should be assigned to the lowest grade in the network.
Step 2: The set of hanging lines, which are the only links to some points, are represented as Ex . To make sure all the points are connected in the network, the hanging lines can't be cut off, otherwise some points would be isolated in the network, resulting in the city accessibility indicator CAi and region accessibility indicator RAG infinite. Therefore, the hanging lines should be assigned to the highest grade due to their extremely significant role in the network.
Step 3: Let us determine set Ec
! ) from network G and recalculate the accessibility indicators CAi and RAG k -. According to Eq. (3), the line accessibility indicator LAk can be calculated. After the calculations of all lines in set Ec , a set of , , ,
h is determined, where l is the serial number of the line in the descending sequence of LAk , m is the number of lines in set Ec . Then the LA l k^h curve along l can be drawn and the piecewise linear regression method is used for the analysis. Finally, a piecewise linear distribution curve can be obtained, and the curve is divided into N+1 intervals by N inflection points, which indicates N+1 categories of line grade in the network. And the line accessibility grade can be assigned to each line based on the category it belongs to. This methodology that we developed for the classification of lines in a network is based on the basic network topological structure; thus it can be applicable not only to railway network planning, but also to other similar networks, such as road network and airline network. The classification method presented in this paper is a gross simplification, but it is capable of providing a foundational framework for further study and application. In the following section, the application of the model is demonstrated through the case study of Northeast China railway network.
CASE STUDY: NORTHEAST CHINA RAILWAY NETWORK
Northeast China has a population of 120 million and an area of approximately 1,450,000 km 2 , including Liaoning Province, Jilin Province, Heilongjiang Prov-ince, and the eastern part of Inner Mongolia Autonomous Region, which is the old industrial base in China. The Plan of Revitalizing Northeast China (PRNC) was formulated in 2007 by the National Development and Reform Commission to accelerate the pace of the regional development and promote coordinated regional economic development [18] . According to PRNC, the railway network of the region should be improved to speed up the economic development.
An outline of Northeast China railway network, which connects all the cities in this region, is shown in Figure 1 . According to PRNC and MLRNP2008, the whole railway network improvement project in Northeast China can be divided into three phases. The descending sequence of N ek h is shown in Figure 3 . It shows that the first four points are much higher than the others, and 
Analysis of the base network 2005
The network consists of 30 cities with a population of over 500,000 and 54 lines, as shown in Figure 2 . The names of the cities are listed in Table 1 , according to the descending sequence of population. The results of the city and region accessibility indicators are listed in Table 1 and Table 2 . Figure 4 ; the lines are classified into three accessibility grades (Grade I, Grade II and Grade III). Besides, there are six hanging lines regarded as Grade I in the network, i.e., (1, 8) , (4, 16) , (11, 23) , (12, 22) , (18, 25) , (18, 30) . And the six redundant lines (5, 20) , (5,28), (7, 14) , (7, 27) , (10, 12) , (27,28) are regarded as Grade III. The accessibility grades of the total 54 lines are clearly shown in Figure 2 . Figure 2 indicates that the lines of Grade I and II are sufficient to connect all the 30 cities (except point 5) and form the skeleton network, including two main arteries of Route Ha-Da (2-3-28-1-24-6-16-4) and Route Shen-Shan (1-26-15-12-22) , and other four main routes of Ha-Jia (2-14-18), Sui-Bin (2-20-13), Bin-Zhou (2-9-7), Shen-Dan (1-11-23) . Those are the main links in Northeast China railway network with high volumes of passengers and freight and are constructed with high standards, which proves that the line accessibility grade corresponds well to the actual situation. 
The line accessibility grades and railway design classes of the 54 lines are compared and the results are listed in Table 3 . According to the Code for Design of Railway Line [19] , the railway design class is a significant technical standard in railway design, which is determined by the role a line plays in the network and the transport volumes it carries. From Table 3 , the line accessibility grade (LAG) of a line is usually equal to or lower than the railway design class (RDC). For example, there are 21 lines with RDC I, among which 12 lines with LAG I and 9 lines with LAG II. Observed from Table 3 , however, there are exceptions of only three lines with higher LAG than RDC, i.e., Shenyang-Fushun (1-8) and Benxi-Dandong (11-23) with LAG I higher than RDC II, and Chifeng-Tongliao (10-19) with LAG II higher than RDC III. This deviation can be attributed to the transport volumes. In this model, the line accessibility grade is developed to reflect the role of the line, and the transport volumes are not considered. If the transport volumes were involved in the model, the results would be much more consistent. However, as a quantitative method, the results of this model are still capable as the quantitative basis for planners and policy makers to classify the role of railway lines.
Evaluation of the new network plan
According to PRNC, Harbin (2) and Dalian (4), the economic belt should form a first-grade axis and the eastern and western corridors should form the second-grade axis. Accordingly, by 2010, the consolidation of the eastern corridor form Mudanjiang (20) to Dalian (4) and the improvement of western corridor from Qiqihar (7) to Jinzhou (15) are considered. The construction projects include Route Mudanjiang-Dalian and Route Qiqihar-Jinzhou. These railway lines are modelled as normal speed lines. By 2015, Harbin-Dalian high-speed route will be completed. Up to 2020, the high-speed railway network consisting of other 7 high-speed routes will be accomplished, including the routes of Harbin-Qiqihar, Harbin-Mudanjiang, Harbin-Jiamusi, Mudanjiang-Jiamusi, Changchun-Jilin, Shenyang-Chifeng and Shenyang-Dandong.
In these three scenarios (year 2010, year 2015 and year 2020), the new networks have been evaluated by the line accessibility classification model. In year 2015 and 2020, there are two kinds of railway lines: normal speed lines and high-speed lines. As the average travel speed of the normal lines is about 100 km/h and the high-speed lines is over 200 km/h, the length of high-speed lines are cut down to half to take into account the benefits of the higher speed.
The results of city accessibility indicator CAi and region accessibility indicator RAG are listed in Table 1 and Table 2 , respectively. According to Table 1 and Table 2 , the improvement of the railway network will constantly increase the region accessibility level ity increase, either core or periphery, especially by the construction of high-speed railways.
The line accessibility indicator LA l k^h curves and the corresponding line accessibility grades of the three phases are shown in Figures 5 and 6 . Based on the relationship between LAG and RDC, as discussed in previous section, the railway design classes of these new railway lines are recommended as follows.
In 2010, comparing Figure 6 (a) and Figure 2 , it is indicated that Route Mudanjiang-Dalian and Route Qiqihar-Jinzhou take the role of supplementing in the network and only increase the region accessibility by 4.07%, so these two routes should be designed as Class II.
In 2015, the line accessibility of the seven central lines were improved evidently by reducing the distances, and the number of lines of Grade II was dramatically decreased from 26 to 12 (2010 vs. 2015) , as shown in Figures 5(a) and (b) . On the one hand, it is observed that the summation of LAk values of the seven lines reaches 52.6% of all lines, indicating the dominant role of high-speed railway lines in the network. On the other hand, the normal speed lines are weakened on both sides (See Figure 6(a) and (b) ). For this reason, the line accessibility grade of high-speed lines should be analyzed within the high-speed railway network rather than comparing with the normal speed lines, as done in scenario 2020.
In 2020, there are eight high-speed routes including 17 lines, forming the high-speed railway network in Northeast China. There are three design ranks of highspeed railways in China: 300~350 km/h, 250~300 km/h and 200~250 km/h. According to the line accessibility grade of these lines (See Figure 6(c) 
CONCLUSION
In this paper, the line accessibility classification model is proposed for the classification of railway lines in a complex railway network. Based on the concept of accessibility, the line accessibility indicator is developed to measure the degree of the impact of a given line on the interaction within the region and the line accessibility grade is introduced to distinguish the role of different railway lines.
The application and verification of this model is demonstrated by the case study of the Northeast China railway network in four scenarios 2005, 2010, 2015 and 2020. The results of scenario 2005 indicate that the line accessibility classification corresponds well to the actual situation, and generally the line accessibility grade of a line is usually equal to or lower than the railway design class. According to the line accessibility grade results in 2010, 2015 and 2020, the railway design classes of normal speed lines and design ranks of high-speed lines are recommended, and it is found that these two kinds of railway lines should be analyzed separately.
The line accessibility classification model presented in this paper is powerful to classify railway lines and it can be used as a strategic decision support tool for transport network planning. The accessibility study is extended in this paper, not only to measure the role of transportation infrastructure, but also to classify the infrastructure based on the accessibility measure. Besides, this methodology we developed is based on the basic network topological structure and the compre- hensive concept of accessibility; thus it is capable of providing a foundational framework for further analysis of other similar network planning problems. The model we proposed does not take the city hierarchy into account, which is also a major factor in railway network planning, so it is worth to improve the model by integrating the city hierarchy and line accessibility classification. Also the technological factors and the line service quality factors can be considered to make corrections of the line weight so as to take further analysis of the levels of quality and efficiency in the network. In the future, we intend to investigate these issues. 
